to groand, say araouot of angular momentum caa 
removed from the stabllized-piatfcirm- 
"Whatls cOkfansdls: 

1. A spaiiaHy iinreatricted fcaxrc-feodbacit device, cano,- 
pdsing: - ~ ' 

a body; 

gyroscopic means connected to the body to provide an " 
inertial reference to Etabflize the body in at least one ; 
• ' spatial dunsnsioa-, • • , ■ ,■ 
« assa'-interactable meaaiber connected to the body; and 
force-feedback meaos coupled to the member, enabling a 
nser of the deidcss to eapesieace the feedback of farces 
- xaative to fee gyroscc^caDy stafcslized body. 
X The device of claim 1, wheardn the user-lntecactabl& 
membcar i& a joysJicfc. 

3. The d&vice of daim 1, wberein the nser-interac|able 
meaabcE iactodes a handle. 

4. The dsvics of diaim jU whcreiii tiie user-Intaractable 
meaaabcar is a steeaiag -wbedL 

5. The device of claim 1, "Whercui tiie uscr-intecactaMe 
metnbsris a device associated -witii the sTTnnlatfonof a sport. 

fi. Hie de-vice- cf claim 1, furttiea: including: 

a cQmpotcor system modeling a virtual environment 

iadludiag one cor more Toitoal objects; and whwein 
the ussr-interactable' member is in electrical comamaica- 
tlok -with the coropater system to generate f osrces on the 
mambsr as afuncfion of an activify invdl'ving an object 
■within the virtual csnvironment. 
7. Tbe device of claim X, whcxein the gyroscopic means 
includes a momentum whsel, and whcarein a tcsque is 
produced on tbe msmbea: -ffarongh accelsarating and deceier- 
ating fee angular velocity -ssf the -vyheisl. 

,.8. The device of cLaim 7, indtading ttaee momentum 
■wheels to stabilize fhe body in. throe dimensions. 

9. Hie device of claim 1, wherein &e gyroscopic m-sans 
talsbs fiie f cjrm of a xaaetion sphere operative to produce 
arbitrary reaction torques about tiiree linearly iadepeaident 
axes of the body. 

10. The dervice of claim 1, further including an angular 
jKJsiiion measuring device to detscroine the state of the body 
in space, 

11. The device of dlaimlO> wherein the angiilax position 
measuring device is a potentiometej:. 

12. The device of claim 10, -swherean the angular positton , 
measuring device as an encoder. 

13. The dswics of claim 1, fortfaer indnding an angular J 
velocity measuring device to determine the state ctf the 
gyroscopic means. 

14. Hie device of dbairn. 13, whtxein the angular velod.-ty 
msasuring device is a tachometeit, , • , 

15. Tiie device of claim 13, -whexBin the state of the 
gyroscopic means is determined by nomcjically differcnti- 
aiing the angular position of the body. 

16. The device of claim 1, frafliffir including an active 
control system to provide device stability. 



.. 2S; 

-17. A spafialiy luarestiiotsia force-fcsdback: device, com- 
jirising: ' 

a body; ■ . • . ■ ' 

-zu' active coEEtrol systsxa to stabilize ttie body in space; 
tiiree xotatabls xeaedon wlieels coupled to tfae "body; 
means f qc dstexramingthe iaagiJlacvelocity a£ oadb ■wheel; 
an angular position mcasmiiig device to detentiiiie the 

Btat».of Uie body in, tap space; 
a usex-mteractabie metqixsr connectBd. to the Isody; sssd. 
-fQicc-fee<tt3as& means using the angular "velociJy and. 
position of ttis-fapdy as inputs to produca torque on ttie " 
member about t&ee aibijiaiy axes throngi. tho poor<ii- 
15 • nated acceleratiion and dscelesratiLon of th* angular 
velocity of csdh. wbeel. ■ 
18. The device o£ ciaim 17, ■^vheKdn the angular positioa 
measuriiig diavicc is aa iiertial meafiuriiig unit. 

15>. The device of daim 17, wheareln. the aagtilar vdodty 
20 measmdiig 4e"vlGe uses numeiical di2ea-eatiation to deter- 
iainc the angolar posidon of the body. ■ 

30» A me^od of generating a spatLaUy uarestcictsd haptic 
enviroitnifiiit, compiisiEg "fhs steps of: 
22 pcoviding a body ia spncs hrning a usar-iiitsractable 
f accc-feedbacli: device; 
geo-stabilijdng the body ia one or more diEnensions; 
simuiatiiig a -virtual enviromnent laodeLiag" one or more 

virtaal objects; and - • 

iatesf admg the UEcar-iiitsraEtable f orcs-fesdback device to 
(lie virttial envardnmettt, "enabEng the user to sxperiejice 
a force xepreseatative of aa actrvily withiii tbe virtual 
enviramnent invoLving one oe more of ■Qxa otgeats. 
33 21. The lofithod of claim 20, further including ihs step of: . 
slowly apd coatinually removing angular niomentum 
from the body so m to minimize ttie effect on a user; 
2a. The method of claini.2G, farther- inciuding the steps of: 
Tecedvang an input disturbance on the body; 
stabiliziag the "faody fiiraagh a pole placement, witti- fee 
location of the poles being detccnained throng optimal 
• contiol theory; and 

caaceliag out the disturbance inputs to produce a. desired 
45 tarqne otttput jmTnnue to Ihe input disturbance. 

23. The method' of daim 20, further including the step of: 
ieod.-TOag an external force generated throagh. a reanote 

physical device; and 
pxodacang a scaled xquresentaiion of &e force received 
SO relative to a point on Ihe Jphysical device, 

24. -The ;tneQiod of claini. 33, wherein (he scaled repre- 
' sentation is audi fiiat the maximum farce applicable to the 
physical device is mapped' into the maximom force "wMch 
Qis device is enable of produdng. 



25. A spatially unrestricted force-feedback device, comprising: 



a body; 

a plurality of motors, each of said motors capable of imparting an inertial force 
about an associated axis of rotation and each of said motors connected to said body to 
provide computer controllable tactile sensations on said body about said associated 
axis; 

a user-interactable member connected to said body, wherein said user- 
interactable member is in communication with a host computer system modeling a 
simulated environment including one or more simulated objects, said host computer 
system commanding said tactile sensations on said body as a function of a simulated 
activity involving at least one object within said simulated environment; and 

a computer mediated controller electrically connected to said motors and in 
communication with said host computer system, said controller receiving signals from 
said host computer system and simultaneously controlling each of said motors in 
response such that said motors produce said inertial forces about said axes, and said 
controller sending data to said host computer system, said data responsive to user 
manipulation of said user-interactable member. 



26. A spatially unrestricted force-feedback device as described in claim 25. 
wherein said computer mediated controller decodes commands received from said 
host computer system. 

27. A spatially unrestricted force-feedback device as described in claim 25. 
wherein said computer mediated controller decodes commands received on a serial 
communication bus. 

28. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is a joystick. 

29. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is a steering wheel. 

30. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said user-interactable member is associated with the simulation of a sport. 

31. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer mediated controller includes a processor that runs motor 
control code stored in Read-Only memory. 



32. A spatially unrestricted force-feedback device as described in claim 25, 
wherein at least a portion of said computer controllable inertial forces stabilize said 
body in at least one spatial dimension to counteract undesired torques produced by at 
least one of said motors. 

33. A spatially unrestricted force-feedback device as described in claim 25, 
wherein said computer controllable inertial forces stabilize said body in at least one 
spatial dimension. 



